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INTRODUCTION 
Wayne County's embayments are prime examples of the economic, social and 
environmental importance of a multiple use resource on a community. Significant revenue is 
generated within Wayne County as a result of tourism and recreation within embayments. Water 
quality management provides a method to maintain a viable healthy resource and to perpetuate 
the benefits. 
Wayne County's Water Quality Program is based on an elementary concept: to identify 
what is wrong, fix it and to prevent its reoccurrence. Remediation of existing problems coupled 
with prevention of future problems offers a comprehensive and effective approach to lake and 
watershed management. The Wayne County Soil and Water Conservation District (SWCD) 
believes that taking a proactive. non-regulatory approach to solving existing problems can result 
in a higher level of achievement as well as satisfying public concern. Once a source of pollution 
is identified, the SWCD then evaluates the most feasible corrective measures or Best 
Management Practices (BMP's) which are then recommended to the landowner. The SWCD also 
seeks funding of the project to relieve the landowner of financial burdens. It should also be 
mentioned that landowner cooperation is not only important, but voluntary. 
The Wayne County SWCD, in cooperation with the Center for Applied Aquatic Sciences 
and Aquaculture at SUNY Brockport, have successfully identified and prioritized several 
problems associated with water pollution on two watersheds. The initial goal was to identify any 
pollution problems that may have existed. The first objective was to identify and prioritize 
which nutrients were of concern. The second objective was to identify and prioritize which 
tributaries and their watersheds were the most impaired. All of these objectives have been 
achieved. OUf current goal is to identify the sources of priority pollutants within the priority 
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tributaries and to implement corrective measures. OUf final objective will be to develop a 
comprehensive pollution prevention plan. 
Each of these goals represents a common sense approach to improving water quality. By 
fIrSt identifying and prioritizing tributaries, pollutants and sources, the District is able to make 
decisions that will have the greatest impact on water quality and thus provide a high level of cost 
effectiveness. Previous monitoring work in Wayne County has allowed for the successful 
identification and prioritization of nutrients likely to be promoting eutrophication on local 
embayments, Monitoring stCategies have also allowed for the identification and prioritization of 
the most polluted tributaries on Sodus and Port Bay. These accomplishments have provided a 
fOUJ:ldation for the next and current phase of the program; identifying the actual sources of 
pollution. Since Sodus Creek East and Wolcott Creek have been identified as the most impaired, 
i t  follows that correcting pollution problems on these tributaries shall result in the greatest 
improvement on water quality downstream. 
The method currently being used to identify sources of polluted runoff is referred to as 
Stressed Stream Analysis or segment analysis. This method involves the sectioning of a stream 
into segments and collecting water samples at noted locations along each segment. As multiple 
samples are collected, analyzed and reviewed, new sample sites are determined in such a way 
that allows for the isolation of significant nutrient inputs. These inputs can be field specific or in 
the case of point sources can be structure specific whether point or nonpoint. Major tributaries 
continue to be monitored. This will serve as a benchmark that can be used to assess future 
improvements implemented in the watersheds. Stressed Stream Analysis has not been fully 
completed on Glemnark and Wolcott Creeks. This report reflects the accomplishments to date 
utilizing Stressed Stream Analysis and the results of tributary monitoring. 
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What is Stressed Stream Analysis? 
Within an entire lake basin, stressed stream analysis is an approach that identifies impacted 
sub-watersheds and their associated streams (Makarewicz 1993). Within a stream, stressed 
stream analysis is an approach for determining how and where a stream and its ecological 
community are adversely affected by a pollution source or other disturbances. Stressed stream 
analysis is an integrative, comprehensive approach for determining the environmental health of a 
watershed and its constituent streams. It is a technique that identifies th.e sources, extent, effects 
and severity IiIf pollution in a watershed. In its fullest use, it combines elements of the sciences 
of hydrology, limnology, ecology, organismal biology and genetics in an integrated approach to 
analyze cause and effect relationships in disturbed stream ecosystems. 
Within a sub-watershed, the stream(s) is used to monitor the "health" of the watershed. 
Because nutrients are easily transported by water they can be traced to their source by systematic 
geographic monitoring of the stream. Stressed stream analysis is a technique that divides the 
impacted sub-watershed into small distinct geographical units. Samples are taken at the 
beginning and end of each unit of the stream to determine if a nutrient source occurs within that 
reach. At this point, the cause and extent of pollution has been identified. If needed, the severity 
of the pollution within the impacted sub-watershed and or the entire watershed can then be 
evaluated by spatial analysis of the quantity and quality of biological indicators, such as fish and 
invertebrates, and by biological examination of structural and functional changes in individual 
organisms and populations in affected communities. Once identified, sonrces may be corrected 
using "Best Management Practices" (BMP). 
Previous nutrient loading analysis identified watersheds that supplied high loadings of 
nutrients to Sodus and Port Bays (Makarewicz el al. 1991, Makarewicz et al. 1992, Makarewicz 
et aI. 1993). In response to this information, a stressed stream analysis was begun on the two 
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watersheds (Sodus (Glenmark) Creek and Wolcott Creek) that contributed the highest loadings of 
nutrients to Sodus Bay and Port Bay, respectively (Makarewicz et at. 1991, Makarewicz et al. 
1992, Makarewicz et al. 1993). This study is the first in a continuing process to identify point 
and nonm>jnt sources �f pollution in the watersheds of Wayne Counties major embayments. 
As popUlation increases and the beauty of both Sodus Bay and Port Bay is recognized by 
more people, there will be greater environmental pressures on both Bays. In particular, 
development and industry within the watersheds of these two Bays has the potential, without 
good stewardship, to reduce the economic importance of the Bays. 
RECOMMENDATIONS: 
1. This report covers Port Bay and Sodus Bay tributary monitoring period 28 March 1993 to 
2 April 1993 and the partial results of the Stressed Stream Analysis performed on 
Glenmark and Wolcott Creeks for the period May 1993 to April 1994. 
2. Stressed Stream Analysis has been partially completed on Sodus (i.e. Glenmark Creek) 
and Wolcott Creeks. The initial results have identified sources of nutrients and soil loss 
within those watersheds. Confirmation of sources of pollutants is an important and 
necessary step prior to developing a remedial action plan and "Best Management 
Practices" to mitigate a source. The Stressed Stream Analyses begun on Sodus and 
Wolcott Creeks sbould be completed. 
3. A Best Management Program should be developed and implemented to address the 
sources of nutrients and soil loss discovered in the stress stream analysis. 
4. A Stressed Stream Analysis has been performed on Williams Creek due to inordinately 
high concentrations of all nutrients. This analysis will be reported on elsewhere. 
5. Clapper and Sanford Creeks have high areal loadings of toiaI phosphorus and should also 
be considered for Stressed Stream Analysis. 
6. The stream gaging station on Sodus Creek-East (Le. Glenmark Creek) should be 
maintained, and event and non-event water chemistry sampling should be continued. 
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This will allow confirmation of improvements in water quality of this creek in the future 
as "Best Management Practices" are implemented. Similarly, the August monitoring of 
one site in the deepest portion of Sodus Bay should be maintained as a reference or 
baseline site for future improvements in the Bay. 
7. The continuous monitoring and sampling station =-Wokou C.reekshmlld be. maintained. 
Similarly, the August monitoring of one site in the deepest portion of Port Bay should 
be maintained as a reference or baseline site for future improvements in the Bay. 
8. A phosphorus control and erosion control program should be considered on the Glenrnark 
Creek watershed as the results of the stressed stream analysis dictate. 
9. A nitrogen and phosphorus control program should be considered on the Wolcott Creek 
watershed as the results of the stressed stream analysis dictate. 
to. Best management practices (BMP) have been used for reducing nonpoint source 
pollution. Cropland management practices include diversions, terraces contour cropping, 
strip cropping, waterways, minimnrn and no tillage. Livestock operation controls include 
barnyard runoff management, manure storage facilities and livestock exclusion from 
woodlands. Urban and rural management applications include critical area stabilization, 
shoreline protection and settling basins. Urban area best management practices include 
leaf collection, street sweeping and infiltration systems. Wolcott and Glenmark Creeks 
comprise the vast majority of the annual discharge to the bays and any reductions in 
nutrient or soil loss from the watershed may have a major impact on those bays. 
1 1. As BMP's are introduced, efforts should be made to carefully monitor their effects. 
Success i n  identifying and remediating an area demonstrates the effectiveness of this 
program to the public and state officials that support this program. 
SUMMARy 
f'..eneral Summary; 
1. Port Bay: Wolcott Creek dominated all other tributaries in terms of discharge and 
loading to Port Bay. 
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2. Sodus Bay: The last six years of work have established that Sodus Creek-East, known 
locally as Glenmark Creek, is the major contributor of nutrients to Sodus Bay and thus 
the probable cause of the over production of macrophytes and algae in the Bay. 
3. Stressed Stream Analysis on both Glenmark and Wolcott Creeks, to date, have identified 
point and nonpoint sources of nutrients. Fu_rther Stressed_Stream Analysis is needed to 
finish both watersheds. 
DetJ!j!ed Summary: 
Port Bay and watershed: 
1. Williams Creek had tlie maximum level for ten of the parameters measured (alkalinity, 
conductivity, potassium, sodium, chloride, sulfate, total phosphorus, soluble reactive 
phosphorus, nitrate and total kjeldahl nitrogen). 
•. 
2. Clapper Creek had the minimum daily mean of eight parameters (pH, alkalinity, 
conductivity, dissolved oxygen, calcium, magnesium, chloride and sulfate). 
3. The extremely high concentrations of nutrients in Williams Creek suggests a major local 
pollution problem within that watershed. The gross pollution of Williams Creek's 
loading to Port Bay is mitigated somewhat by its relatively low discharge. Williams 
Creek is currently undergoing stressed stream analysis. 
4. Based on the total stream phosphorus loading and chlorophyll data that we have collected 
for Port Bay and its tributaries, Port Bay falls into the eutrophic category of bodies of 
water. 
5. As in the previous year, there was evidence of thennal stratification in mid-August and 
hypolimnetic oxygen values were low (0.3 mg/L). As expected with low oxygen 
concentrations in the hypolimnion, total phosphorus increased toward the 
phosphorus-rich sediments. 
6. Wolcott Creek dominates the discharge (93%) to Port Bay. 85% of the discharge 
occurred in the spring and winter. Similar seasonal discharge patterns occur in the other 
creeks. This coincides with the precipitation patterns for the seasons. 
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7. Wolcott Creek was by far the major contributor of suspended solids to Port Bay at 990 
metric tons for the year and represents 96% of the annual load of suspended solids into 
the Bay. 
8. Annually, Wolcott Creek was the major contributor of nutrients to Port Bay accounting 
for 95%, 94%, 99% and 96% of the total phosphorus, total nitrogen, nitrate and total 
suspended solids, respectively, entering the Bay. 
9. Highest loadings of total phosphorus, nitrate and total kjeldahl nitrogen (TKN) occurred 
in the spring and winter. Events accounted for 10% ofTKN, 10% of total phosphorus 
and 5% of nitrate annual loadings. 
Sodus Bay and watershed: 
1. The mean annual discharge of Sodus Creek was 129,539 m3/d, which is not a significant 
change from 1992-93. 
2. Most annual water quality parameters remained static from the 1992-93 to the 1993-94 
reporting period for Sodus Creek. 
3. In Sodus Creek, the total phosphorus and TKN concentrations have increased the last 
two years running (TP 46.3 to 56.7 to 80.0 J.lg PIL, TKN 394 to 448 to 646 J.lg NIL). This 
trend is of concern. 
4. Sodium and chloride mean concentrations also continued to increase. This probably 
reflects the use of deicing salt within the watershed in response to severe winter 
conditions the past year. 
5. The majority of loading occurred to Sodus Bay during the spring and winter. Increases in 
loadings from 1992-93 occured for TKN (130 to 169 kg N/d), nitrate (104 to 244 kg N/d) 
and sodium(l,333 to 3,154 kg Nald). 
6. Total phosphorus and total suspended solid loading decreased from 1992-93 levels for 
Sodus Creek. 
7. Thermal stratification had taken place in Sodus Bay by August in both 1993 and 1994. 
8. Due to the lack of complete mixing of the water column low hypolinmetic oxygen values 
developed. As expected with low oxygen concentrations in the hypolinmion, total 
phosphorus increased toward the phosphorus-rich sediments . 
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9. Phosphorus concentrations were significantly higher in Port Bay than in Sodus Bay. 
Stressed Stremn Analysis 
1. Stressed stream analysis was performed on watersheds of two tributaries in Wayne 
County that had been previously recognized as contributing high Icvels of nutrients. 
2. Wolcott Creek is the major contributor of nutrients and solids to Port Bay. 
3. Glenruark (Sodus) Creek is the major contributor of nutrients and solids to Sodus Bay. 
4. Nonpoint sources of the nutrients phosphorus and nitrogen and losses of sodium and soil 
(total suspended solid:» were identified in both watersheds. 
5. High levels of nitrate were found in Wolcott Creek at Smith Road. Results pinpointed a 
combination of sources between Sites W3B and W3C; heavy manure spreading in close 
proximity to the stream. cattle allowed to graze in and near the stream. leachate from 
bunker silos and runoff from a dairy operation (650-1000 head). These sources represent 
concentrated agricultural sources located on and around Merill Farms. Inc. and 
Youngman Farms. Inc. 
6. Mill Pond and potentially the sawmill below the pond and waterfowl in the area 
contribute phosphorus to Wolcott Creek. 
7. A significant sodium source was also identified at Site W7. The high levels of sodium 
observed at this site appear to be the result of exposed salt storage piles at the Town of 
Butler Highway Department. Exposed saltlsand piles are located within 20 feet of the 
road ditch. On October 14. 1994, moderate to severe erosion was observed on site at the 
highway facility near Crane Road. Salt/sand was being washed directly into a culvert 
which empties into Wolcott Creek approximately 300 meters above Site W7. 
8. There is a TKN and TSS source in the upstream section of Wolcott Creek directly 
adjacent to Site WOo 
9. There are major sources of phosphorus and nitrogen in the 05 reach of Glenmark Creek. 
This reach is a 600 foot drainage ditch which parallels a residential area along nix Street 
in the Hamlet of Rose and empties directly into Glenmark Creek. Seven pipes were 
found emptying into this ditch. The pipes are composed of sewer I septic lines, 
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stormwater drains, kennel drains, combined basement sump pump drains, a pool drain 
and drains of unknown origin. 
10. A failed septic system in the Site GIG area of Glenmark Creek was identified as a source 
of phosphorus and nitrogen to Glenmark Creek. 
11. There is a TKN source upstream from Site G<r on Glenmark Creek. 
12. Stressed Stream Analysis is not complete for these streams. 
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METHODS 
Study Site: " 
Sodus Bay is located along the south shore of Lake Ontario midway between Rochester and 
Oswego, N.Y. Sodus Creek is the major tributary to Sodus Bay; its watershed extends to the 
Barge Canal in tnt< :rowrt9f.9��ll(Fig. I). Sodus Creek was sampl,ed in the Town of Huron. 
Port Bay is located along the south shore of Lake Ontario approximately five nautical miles east 
of Sodus Bay and twenty miles west of Oswego harbor (Fig. 2). Clapper Creek begins in the 
Town of Huron and ends on the west side of Port Bay close to the area where the open waters of 
the Bay convert to march area. The sample site is at the culvert on West Port Bay Road. 
Wiliams Creek is also sampled on West Port Bay Road, it originates in the Town of Huron and 
empties into the marsh area in southwestern Port Bay. Wolcott Creek, which originates in the 
Town of Butler and runs through the Village of Wolcott. Wolcott Creek is the major tributary to 
Port Bay and is sampled on the north side of the Furnace Road bridge. Bobolink Creek 
originates in the Town of Wolcott and is sampled on East Port Bay Road before emptying into 
the marsh area in the southeastern corner of Port Bay. Sanford Creek originates in the Town of 
Wolcott and is sampled at the culvert on East Port Bay Road. 
General 
Stream water samples were collected and stream height was measured biweekly at stream sites 
from 28 March 1993 to 2 April 1994. Sites were chosen, above the influence of Sodus Bay or 
Port Bay, for ease of access (i.e. closeness to a bridge or culvert for gaging purposes)(Figs. 1 and 
2). Precipitation events were monitored hourly at Sodus East Creek with a Sigma refrigerated 
sequential sampler and on Wolcott Creek using an ISCO sequential sampler. Port Bay and 
Sodus Bay were sampled at meter intervals on 18 August 1993 and on 8 August 1994 (Figs. 1 
and2). 
All sampling bottles were pre-coded so as to ensure exact identification of the particular sample. 
All filtration units and other processing apparatus were cleaned routinely with phosphate-free 
RBS. Containers were riused prior to sample collection with the water being collected. In 
general, all procedures followed EPA standard methods (EPA 1979) or Standard Methods for the 
Analysis of Water and Wastewater (APHA 1989). Sample water for dissolved nutrient analyses 
(SRP, nitrate + nitrite) was filtered immediately with 0.45 11m MCI Magma Nylon 66 membrane 
filters and held at 4"C until analysis. Analyses of pH, alkalinity, specific conductance, turbidity 
and dissolved oxygen were completed within four hours of collection. Subsequent analyses were 
always completed within 24 hours of collection. 
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2. The reservoir of the autoanalyser was filled with 0.2M H,SO. instead of distilled water. 
3. Other reagents were made fresh prior to each analysis. 
Total Suspended Solids: APHA (l989) Method 25400 was employed for this analysis. 
Chloride: Analyses were performed using the mercuric nitrate method (APHA 1989). 
Metals: Calcium, magnesium, sodium and potassium were determined by atomic absorption 
spectrophotometry (perkin-Elmer 3030) (APHA 1989). 
Physical Measurements 
Temperature: Stream and Bay temperatures were measured with a calibrated mercury 
thermometer and a YSI thermistor. respectively. 
Watershed Area: The watershed area of Wolcott Creek was revised by the Wayne County 
Soil and Water Conservation District. The delineation was performed on a 1978 photorevised 
topographic map cross referenced with the "Wayne County Culvert Survey" and confirmed by 
field observation (Williams. personal communication). 
Stream Height: The monitoring station (located across from the home at 9881 Briggs Road) on 
Sodus Creek- East (locally called Glenmark Creek) measured stream height continuously using a 
bubbler system connected to a Campbell Scientific CRI0 datalogger equipped with a Druck 
pressure transducer. Hourly readings of stream level from Wolcott Creek were measured using 
an Isco flow meter equipped with a pressure sensor. On all other streams, stream height was 
determined biweekly by measuring the distance from the surface of the stream to a standard 
location on the overlying bridge or culvert. Stream area for various stream heights was 
calculated by planimetry. A polynomial was fit to the values for stream area using Sigma Plot 
(Jandel Scientific), which allowed stream cross-sectional area to be estimated for all sampling 
dates based on stream heights. 
Stream Velocity: Stream velocity was measured either in the culvert or within the cement 
channel of a bridge (Chow 1964). Measurements were at equally spaced locations at each station 
on all dates with a Gurley Meter. A regression equation was calculated for velocity versus 
stream height. 
Discharge and Loading: 
Wolcott Creek: 
Hourly level readings on Wolcott Creek were converted to discharge by a second order 
polynomial (Makarewicz et al. 1993). Where hourly readings were not available, the daily 
average level or the biweekly stream height measurement was used for calculation of discharge. 
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In the calculation of nutrient loadings, event loading was calculated by adding up hourly 
discharge for both the rising and falling limb and multiplying them by their respective 
chemistries. During non-event periods, hourly discharge was summarized into a biweeldy 
discharge and multiplied by that period's chemistry value. If a hydrologic event occurred during 
the week, event loading was substituted for the period of the event to obtain total loading (event 
plus non-event). 
Sodus Creek East: 
Hourly readings of stream height from Glenmark Creek's (i.e. Sodus Creek East) permanent 
stream-side gauging station were converted to discharge (cubic feet per second [cfs]) by a second 
order polynomial (Makarewicz et aI. 1992). In the calculation of nutrient loadings, event loading 
was calculated by adding up hourly discharge for both the rising and falling limb and multiplying 
them by their respective chemistries. During non-event periods, hourly discharge was 
summarized into a biweeldy discharge and multiplied by that period's chemistry value. If a 
hydrologic event occurred during the week, event loading was substituted for the period of the 
event to obtain total loading (event plus non-event). In the Fall of 1993, a beaver darn was 
discovered in the watershed. The darn affected the level readings recorded at the Briggs Road 
Site. During this period, levels at Sodus Creek were normalized using a linear regression from 
daily levels at Wolcott Creek. 
Other Creeks: 
Rating curves for other creeks were developed in Makarewicz et aL (\993). Regression analysis 
allowed the estimation of discharge in other creeks based on daily discharge from Wolcott Creek 
(Table 1). After daily discharges for all creeks were calculated, the loading calculations were 
handled similar to Sodus Creek East and Wolcott Creek with the exception of events. Event 
discharge for the other creeks was not separated into rising and falling limbs. The total event 
discharge was multiplied by the biweeldy chemistries to obtain event loading. Since chemistry 
from non-event periods underestimate chemistry from event periods, loadings from all creeks. 
except Sodus and Wolcott Creeks, are conservative (i.e. they are underestimates). 
Watershed Area: Areas used in the loading calculations were obtained by planimetry from 
USGS topography maps. Watershed areas were not the whole area of the watershed but were the 
area of the watershed upstream from the sampling point. 
Quality Control 
Quality Assurance Internal Quality Control: Multiple sample control charts (APHA 1989) 
were constructed for each parameter analyzed. except oxygen and total suspended solids. A 
prepared quality control solution was placed in the analysis stream for each sampling date. If the 
control solution was beyond the set limits of the control chart, corrective action was taken and 
the samples re-run. Frequency of instrument calibration is indicated in Table 2. Table 3 
provides a summary of the intemal quality assurance data. 
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External Quality Control: The New York State Department of Health's Environmental 
Laboratory Approval Program (ELAP) proficiency test results are presented in Table 4. 
Biannually, reference solutions were obtained from the Water Resources Division of the US 
Geologic Survey. Results from the blind external quality exercises are presented in Table 5. 
STRESSED STREAM METHODS: 
WOLCOTT CREEK: 
Stressed stream analysis was performed on 21 dates on Wolcott Creek during the months of June, 
August, October and November of 1993 and in March and April of 1994. Sampling locations are 
denoted on Figure 3. All samples were analysed for nitrate, total phosphorus, soluble reactive 
phosphorus, total kjeldahl nitrogen, sodium and total suspended solids. 
During the iJ:!itial stressed stream analysis in June 1993, five stations were sampled on Wolcott 
Creek. On the subsequent sampling dates additional samples were taken on specific reaches of 
the stream that showed particularly high values during the previous sampling efforts. 
Additional sites were added r:N3A, W3B, W3C) upstream from Site W3 between Sites W3 and 
W4, in the main branch of the stream (Figure 3) for the August sampling period. In October and 
November period three additional sites r:N6,W7,W8) were sampled upstream from Site W5 
(Figure 3). Three addition sites (WOA, WOB, W2C) were sampled during the March I April 
period in the lower reaches of Wolcott Creek (Figure 3). 
SODUS CREEK (GLENMARK CREEK): 
Stressed stream analysis was performed on 24 dates on Olenmark Creek during the months of 
May, July, September, October and December of 1993 and in March and April of 1994. Sample 
locations are denoted on Figure 4. All samples were analysed for nitrate, total phosphorus, 
soluble reactive phosphoms, total kjeldahl nitrogen, sodium and total suspended solids. 
During the initial stressed stream analysis in May 1993, four stations were sampled on Olenmark 
Creek. On the subsequent sampling dates additional samples were taken on specific reaches of 
the stream that showed particularly high values during the previous sampling efforts. 
Six additional sites (05,06,07,08,010,011) were added for the July sampling period upstream 
from Site 04 in response to high levels of TP. SRP and TKN. During the September I October 
sampling effort six additional sites were identified upstream from Site 05. The reach upstream 
from Site 08 was targeted for the December sampling effort. Five sites were added for 
December (08A,G8B. 09, 010, OlOA). The March I April sampling effort concentrated on two 
lower reaches of Olenrnark Creek. Nine more sample sites were added (Fig. 4). 
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RESULTS and DISCUSSION 
PORT BAY TRIBUTARY DATA: 
Discharge 
The mean daily discharge values (m3/day) for the 28 March 1993 to 2 April 1994 period 
were in descending order: Wolcott Creek (15 1,668); Sanford Creek (5,632); Clapper Creek 
(4,714); Williams Creek (565) and Bobolink Creek (157) (Table 6). 93.2% of the water 
discharged into Port Bay is from Wolcott Creek. Discharge from Wolcott Creek, as with other 
creeks, was highest during the spring and winter (44%, 41 %) (Fig. 5). 
Chemistry 
General - The water chemistry of the streams draining sub-watersheds of Port Bay 
generally reflects usage within that watershed and is a useful tool to evaluate sources of 
pollution. Annual means for stream water chemistry data are presented in Table 6. Generally, 
the values are similar to those reported in previous reports. (Makarewicz and Lewis 1990, 
Makarewicz et aI. 1991, Makarewicz et al. 1992, Makarewicz et al. 1993). A more detailed 
discussion follows on selected chemical parameters. 
Sodium, Chloride 
Annual concentrations of sodium and chloride were highest in Williams and Wolcott 
Creeks. High values of sodium and chloride usually reflect the use of deicing salt in the 
watershed. This topic will be discussed further in the Loading Section. 
Total Suspended Solids 
Concentrations of total suspended solids in stream water generally reflect the amount of 
materials (e.g. soils) being lost from a watershed. Total suspended solids increased significantly 
from last year for Clapper Creek. Oapper and Wolcott Creeks had the highest annual 
concentrations of suspended solids at 19.8 and 19.3 mgIL respectively. 
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ToUd Phosphorus and Soluble Reactive Phosphorus 
Phosphorus is an element required for plant growth whether on land or in the water. In 
lakes, phosphorus is often the limiting factor of phytoplankton growth and is the cause of 
eutrophication, or overproduction of lakes. Phosphorus may enter from the watershed as a result 
of sewage disposal and of heavy fertilizer use for lawns or agriculmre. Watersheds that have 
streams with high phosphorus concentrations are potentially the cause of increased 
phytoplankton and macrophyte (weed) production. Williams Creek had extremely high 
concentratio�s of both total and soluble phosphorus (722.3 pg PIL and 445.9 pg PIL) and showed 
a significant increase from last year's mean concentrations (490.1 pg PIL and 391.5 pg PIL). 
Nitrate and Total Kjekhlhl Nitrogen (TKN) 
Nitrate is found in fertilizer, while total kjeldahl nitrogen roughly represents the organic 
nitrogen present. Organic nitrogen would occur from sourees such as sewage and animal 
manure. Williams Creek continues to have the highest concentrations of nitrate and TKN of the 
Wayne County creeks tested (2.68 mg NIL and 1041 pg NIL respectively). Increases in TKN 
concentrations from last year were seen for all Wayne County Creeks monitored. 
SUMMARY OF PORT BAY TRIBUTARY DATA 
Within the Port Bay watershed, statistical analysis of mean daily levels of tributary 
parameters demonstrated that Williams Creek had the maximum level for ten of the parameters 
measured (alkalinity, conductivity, potassium, sodium, chloride, sulfate, total phosphorus, 
soluble reactive phosphorus, nitrate and total kjeldahl nitrogen). Clapper Creek, within the Port 
Bay watershed, had the minimum daily mean of eight parameters (pH, alkalinity, conductivity, 
dissolved oxygen, calcium, magnesium, chloride and sulfate). Wolcott Creek's nutrient sources 
have been partially identified and will be reported on in the stressed stream analysis section. 
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Williams Creek has a major source of nutrients within its watershed which are currently being 
addressed using stressed stream analysis. 
SODUS BAY (18 AUGUST 1993 and 8 AUGUST 1994): 
Vertical Profile: 
The vertical temperature profile suggests that thermal stratification had taken place by 
August in both 1993 and 1994 (Figs. 6 and 7). The prevention of complete mixing of the water 
column caused the low hypolimnetic oxygen values (Figs. 6 and 7). As expected with low 
oxygen concentrations in the hypolimnion, total phosphorus increased toward the 
phosphorus-rich sediments (Figs. 6 and 7). Vertical profiles of other parameters are also 
presented in Figures 6 and 7. 
PORT BAY (18 AUGUST 1993 and 8 AUGUST 1994): 
Vertical Profile: 
Similar conditions to Sodus Bay occurred on Port Bay in August of 1993 and 1994. 
Thermal stratification was set up causing the hypolimnetic waters to have low oxygen levels and 
high phosphorus concentrations (Figs. 8 and 9). Phosphorus concentrations were significantly 
higher in Port Bay than in Sodus Bay. Vertical profiles of other parameters are presented in 
Figures 8 and 9. 
STREAM WADING TO PORT BAY: 
Wolcott Creek dominates the discharge (93%) Port Bay. 85% of the discharge occurred in 
the spring and winter (Fig. 5). Similar seasonal discharge patterus occur in the other creeks. 
This coincides with the precipitation patterus for the seasons. 
Table 7 presents loadings of total phosphorus, total kjeldabl nitrogen, nitrate, total 
suspended solids and sodium for the period 28 March 1993 to 2 April 1994. The loading data 
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presented here is based on continuous discharge measured at Wolcott Creek and thus reflects 
high discharge caused by precipitation events. The event data presented is a result of only those 
events that were triggered by the continuous discharge recorder located on Wolcott Creek. The 
loadings calculated do not include event water chemistry, except in the case of Wolcott Creek 
where all events were analyzed. Annual loadings can be derived by multiplying values from 
Table 7 by 365. 
Sodium: 
Major l&sses of sodium 'from the watershed occurred during the study period (Table 7). 
Sodium is the major constituent of deicing salt. Wolcott Creek contributes 96% of the sodium 
entering the Bay, while 80% of the salt (as sodium) that enters the Bay, enters in the winter and 
spring when deicing salt is applied to roads (Fig. 10). The seasonal contribution of sodium from 
each creek is presented in Figure 10. 
Total Suspended Solids: 
The loss of suspended solids from a watershed is a measurement of loss of soil or 
erosion from a watershed. Seasonal suspended solid loss for each creek is presented in Figure 
1 1. Wolcott Creek was by far the major contributor of suspended solids to Port Bay at 990 metric 
tons for the year and represents 96% of the annual load of suspended solids into the Bay. This 
number is biased by the fact that events were monitored only in Wolcott Creek. This would 
probably lead to an underestimation of TSS in creeks not monitored during events. Soil loss is 
less of a problem in the Port Bay watershed than in the Sodus Bay watershed. 
Nutrients: 
Annually, Wolcott Creek was the major contributor of nutrients to Port Bay aceounting for 
95%,94%,99% and 96% of the total phosphorus (Fig. 12), total nitrogen (Fig. 13), nitrate (Fig. 
14) and total suspended solids, respectively, entering the Bay. Highest loadings of total 
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phosphorus, nitrate and TKN occurred in the spring and winter (Figs. 15, 16 and 17). Events 
accounted for 10% of TKN, 10% of TP and 5% of nitrate annual loadings. 
Comparison to Other Watersheds 
The various creeks of the Irondequoit Bay watershed (Monroe County, NY.) have been 
identified as grossly polluted prior to remedial action (O'Brien and Gere 1983). Similarly, 
Northrup Creek (central Monroe County), which receives effluent from a sewage treatment plant, 
is known to be polluted and to possess a higher loading of phosphorus than creeks in the 
Irondequoit Bay watershed (Makarewicz 1988). A comparison of Port Bay and Sodus tributaries 
to Monroe County creeks is instructive in identifying the relative condition of creeks entering the 
Bays (fable 8). Compared to the suburban and urban watersheds of Monroe County, Glenmark 
and Wolcott Creeks have a phosphorus loading on an areal basis equal to creeks receiving treated 
sewage (Lower Northrup Creek, Irondequoit Creek prior to diversion of sewage). 
A comparison of Port Bay loadings to Sodus Bay loadings, via their major tributaries, 
indicates that Sodus Creek contributes more phosphorus and total suspended solids than does 
Wolcott Creek. However. the effect of that loading is greater on the geographically smaller Port 
Bay. Clapper and Sanford Creeks have areal phosphorus loadings similar to the urban 
watersheds of Monroe County which are significantly higher than the loadings of the minor 
watersheds of Sodus Bay (fable 8), 
TROPHIC STATUS OF PORT AND SODUS BAYS 
It is now well accepted that eutrophication of lakes depends on excessive discharge of 
phosphorus and nitrogen to inland waters. This concept, sometimes called the nutrient loading 
concept, implies that a quantifiable relationship exists between the amount of nutrients reaching a 
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lake and its tropnic status, which can be measured by chlorophyll a levels. Figure 18 presents 
the relationship of chlorophyll level to potential available phosphorus for some common upstate 
New York lakes and bays. Based on the phosphorus loading and chlorophyll data that we have 
collected for Port Bay and its tributaries, Port Bay falls into the eutrophic category of bodies of 
water. Port Bay is a productive body of water. 
Total watershed phosphorus loading was not measured for Sodus Bay, but the major 
tributary (Sodus Creek) and summer bay chlorophyll levels were monitored. Based on this 
information, Sodus Bay continues to fall into the eutrophic category of bodies of water. 
SUMMARY OF PORT BAY WATER QUALITY 
1. Based on the total stream phosphorus loading and chlorophyll data that we have collected 
for Port Bay and its tributaries, Port Bay falls into the eutrophic category of bodies of 
water. As in the previous year, there was evidence of thermal stratification in 
mid-August and hypolimnetic oxygen values were low (0.3 mgIL). As expected with low 
oxygen concentrations in the hypolimnion, soluble reactive phosphorus and total 
phosphorus increased toward the phosphorus-rich sediments. 
2. Wolcott Creek dominates the discharge (93%) to Port Bay. 85% of the discharge 
occurred in the spring and winter. Similar seasonal discharge patterns occur in the other 
creeks. This coincides with the precipitation patterns for the seasons. 
3. Wolcott Creek was by far the major contributor of suspended solids to Port Bay at 990 
metric tons for the year and represents 96% of the annual load of suspended solids into 
the Bay. 
4. Annually, Wolcott Creek was the major contributor of nutrients to Port Bay accounting 
for 95%, 94%, 99% and 96% of the total phosphorus, total nitrogen, nitrate and total 
suspended solids, respectively, entering the Bay. Highest loadings of total phosphorus, 
nitrate and TKN occurred in the spring and winter. Events accounted for 10% of TKN, 
10% of TP and 5% of nitrate annual loadings. 
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5. The extremely high concentrations of nutrients in Williams Creek suggests a major local 
pollution problem within that watershed. The gross pollution of Williams Creek's 
loading to Port Bay is mitigated somewhat by its relatively low discharge, nutrient 
sources are currently being identified by Stressed Stream Analysis. 
SODUS CREEK WATER QUALITY AND LOADING 
The mean annual discharge of Sodus Creek was 129,539 m3/d (Table 6) which is not a 
significant change from 1992-93. Most annual water quality parameters remained static from the 
1992-93 to the 1993-94 reporting period. Although, the total phosphorus and TKN 
concentrations have increased the last two years running (TP 46.3 to 56.7 to 80.0 Ilg PIL, TKN 
394 to 448 to 6461lg NIL)(Makarewicz et al. 1992, 1993 and Table 6). This trend is of concern. 
Sodium and chloride mean concentrations also continued to increase. This probably reflects the 
use of deicing salt within the watershed in response to winter conditions. 
The number of events that were sampled decreased significantly during this reporting 
period. Events therefore, played a significantly smaller role in the annual loadings of total 
phosphorus, TKN and total suspended solids than in previous years. The majority of loading 
occurred to Sodus Bay during the spring and winter (Figs. 5, 10, 15, 16, 17). Increases in 
loadings from 1992-93 occured for TKN ( 130.06 to 168.55 kg N/d), nitrate ( 104.15 to 244.47 kg 
N/d) and sodium(1,333 to 3,154 kg Nald)(Makarewicz et al. 1993 and Table 7). Total 
phosphorus (Table 8) and total suspended solid loading decreased from 1992-93 levels 
(Makarewicz et ai. 1993 and Table 7). 
STRESSED STREAM ANALYSIS 
WOLCOTT CREEK: 
The purpose of the initial sampling period was to help define a sampling strategy for future 
sampling efforts. Results from the initial stressed stream analysis performed in June of 1993 are 
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presented in Figures 19 - 24. The concentrations shown on the Figures are the mean of the five 
June sample dates. There is evidence of a nitrate source between Sites W3 and W4. Additional 
sites were added in this reach for the August sampling period to identify the nitrate source. High 
total phosphorus concentrations were found in the uppermost reach of Wolcott Creek (Site W5). 
This was also looked at in more detail. There was also some evidence of a total suspended solids 
source in the last two sample dates in June between Sites W4 and WS. This may also be linked 
to high TKN concentrations at the same sites during this period. 
The sotlrce(s) of nitrate between Sites W3 and W4 were the target of the August 1993 
stressed stream sampling effort. Results pinpointed a combination of sources between Sites 
W3B and W3C (Figure 19); heavy manure spreading in close proximity to the stream, cattle 
allowed to graze in and near the stream, leachate from bunker silos and runoff from a dairy 
operation (650-1000 head). These sources represent concentrated agricultural sources located on 
and around Merill Farms, Inc. and Youngman Farms, Inc. WC3 had a mean nitrate 
concentration of 0.4 rug NfL, while just downstream Site W3C had a mean concentration of 3.1 
mg NfL. The results of the five other parameters measured are presented in Figures 20 - 24. 
Three additional sites were added upstream from Site W5 for the October / November 1993 
sampling period. Results are presented in Figures 25 - 30. Mill Pond is a source of phosphorus 
as shown by the concentrations at Site W6. There is also an additional phosphorus source 
between sites WS and W6. There is a working sawmill and a small pond (approximately 3 acres) 
frequented by waterfowl in this reach. A significant sodium source was also identified at Site 
W7. The high levels of sodium observed at this site appear to be the result of exposed salt 
storage piles at the Town of Butler Highway Department. Exposed salt/sand piles are located 
within 20 feet of the road ditch. On October 14, 1994, moderate to severe erosion was observed 
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on site at the highway facility near Crane Road. Salt/sand was being washed directly into a 
culvert which empties into Wolcott Creek approximately 300 meters above Site W7. 
Five dates were sampled in March and April of 1994. Sampling concentrated on the lower 
reaches of Wolcott Creek. Results of this sampling period are presented in Figures 3 1  - 36. 
There is a source of total phosphorus upstream from Site W2. The dominant land use upstream 
from this site is agriCUltural row crops (i.e. beans and corn). Approximately 240 acres of row 
crops surround the drainage area with some planted in close proximity to the stream. High 
values of phosphorus were found at Site W2C. The drainage area upstream from this site is 
approximately 90 acres of idle and forested land. The phosphorus source may be the 
decomposition of deciduous leaves. A source ofTKN and solids was identified directly adjacent 
to Site WO, either between WO and WI or between WO and WOA. Sample Site WI lies just 
below the Wolcott waterfalls. Between Sites WO and WI the creek flows through a deep 
meandering ravine. The banks of the ravine are wooded and the surrounding land use is 
residential and sewered. 
GLENMARK CREEK: 
The purpose of the initial sampling period was to help define a sampling strategy for future 
sampling efforts. Results from the May 1993 stressed stream analysis are presented in Figures 
37 - 42. The portion of Olenmark Creek above Site G4 show that there are sources of total 
phosphorus, soluble reactive phosphorus and total kjeldahl nitrogen. There also appears to be a 
nitrate source in the reaches above Sites 0 I and 02. 
The nutrient sources above Site 04 was the target of the July 1993 sampling effort. 
Results are presented in  Figures 37 - 42. The 05 reach was identified as being a major source of 
nitrate, TKN and phosphorus. The stream reach above Site 08 showed a source of both TKN 
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and TP and a potential sodium and TSS source was identified between Site Gi l and either G6 or 
GS. Sampling Site GO is located at the Glenmark (Sodus) Creek gaging station. Upstream from 
the station is a I SOO foot section of the stream which meanders. During storm flows, stream 
bank erosion has been observed with sections of the bank falling into the stream channeL The 
SWCD has developed engineering designs for a stream bank stabilization project and is currently 
seeking funding for its implementation. 
In September and October of 1993 the reach above Site GS was examined closely. This 
reach is a 600 'foot drainage ditch which parallels a residential area along Oix Street in the 
Hamlet of Rose and empties directly into Gleumark Creek. Seven pipes were found emptying 
into this ditch. The pipes are composed of sewer I septic lines, stormwater drains, kennel drains, 
combined basement sump pump drains, a pool drain and dralns of unknown origin. The results 
of this sampling effort are presented in Figures 43 - 48. Many of the drains flowed intermittently 
during this period. The pipe denoted 'North sewer' was sampled on only one of the seven 
sampling dates. But the result of that sample yielded a total phosphorus concentration of nearly 
14,000 J!g PIL. Along with the 'North sewer' site the other samples in this reach showed elevated 
concentrations of phosphorus and TKN. The headwaters of this reach originate in an abandoned 
barnyard and also showed high concentrations of nitrate. 
The strearn reach above Site G8 showed a source of both TKN and TP and a potential 
sodium and TSS source was identified between Site G I I  and either G6 or G5. A cornfield lies 
along the southern corridor of the stream in this reach which slopes downward at the stream's 
edge. Visible erosion occurs during hydrologic events which may be the source of TSS. Along 
the northern corridor of the stream bank is a residential area with septic systems within the flood 
plain of the stream (approximately 100-125 feet from the centerline of the stream). The SWCD 
has identified a plugged culvert just downstream of this section which causes water to back up 
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and perhaps saturate the leach fields of these systems. The SWCD will be replacing this culvert 
in the Fall of 1994 to improve drainage. The sodium source identified may be the result of road 
salting on NYS Route 414 which passes over Site GI L 
The December sampling period concentrated on the reach of Glenmark Creek above Site 
GS. Results are presented in Figures 49 - 54. A source of phosphorus exists between Site GSB 
and either Site G9 or GIO. A TKN source was also detected above Site G9. Sites in this reach 
are located in a complex agricultural drainage system within the Towns of Rose and Clyde 
known as Sodus Ditch. The system rests an fairly level topography and drains approximately 
1600 acres of agricultural land. Dominant land use includes row crops of com and beans with 
the exception of Site G9 which runs through a wooded area. Subsurface drain tiles exist in this 
area. 
The March I April sampling period concentrated on the lower reaches of Glenmark Creek 
and the results are presented in Figures 55 - 60. Site GIG showed elevated concentrations of 
phosphorus, nitrate and TKN. Much of this elevation can be traced to a failed septic system 
located approximately 10 meters upstream from Site GiG. Leachate was coming up from the 
ground and moving down the bank into the stream. Thirty-five meters upstream from Site 
GIG, two six inch drain tiles from a 150 acre coru field also empty into Glenmark Creek 
potentially contributing nutrients. 
Best Managenumt Practices 
Identified point and nonpoint sources of nutrients and solids can be remediated using Best 
Management Practices (BMP). Whether or not management practices include a reduction of 
cropland or fertilization. control of water movement can be a means of significantly reducing 
non-point source pollution. Since water must come in contact with the nutrient source and then 
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be transported to the sutface (or subsutface) water body, the nutrients in water bodies are 
functions of soil fertility and quantities of transporting water. Management practices which 
reduce surface runoff have been shown to decrease dramatically the magnitudes of sediment and 
chemical losses from land areas (Haith 1975). 
Haith ( 1975) and the NYSDEC ( 1986) recommend use of buffer strips of forest or grass 
between the pollutant source and a stream to intercept the runoff, resulting in removal by 
deposition or filtering by the vegetative cover. Other cropland management practices include 
diversions, terraces contour cropping, strip cropping, waterways, minimum and no tillage. 
Livestock operation controls include barnyard runoff management, manure storage facilities and 
livestock exclusion from woodlands. Urban and rural management applications include critical 
anea stabilization, shoreline protection and settling basins. Urban area best management practices 
include leaf collection, street sweeping and infiltration systems. The relatively few days of high 
runoff required to export much of the annual water and nutrients from the Sodus Bay and Port 
Bay watersheds implies the necessity of management practices designed to deal with the large 
volumes of water involved during intense runoff events. Changes in cropping and soil 
conservation practices, decreases in impervious services and provision of buffer areas along 
sutface waterways will result in predictable changes in runoff quantities and qualities and hence 
non-point source pollution (Haith 1975). 
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Table 1. Regression equations predicting daily discharge for Port Bay tributaries based on 
continuous discharges at Wolcott Creek. WOL = Wolcott Creek discharge (m3/d). 
CREEK 
� . .  � � . , � .  
lBeaver Creek 
[Bobolink Creek 
�Iapper Creek 
Sanford Creek 
iWilliams Creek 
REGRESSION EQUATION COEFFICENT 
m3/d = WOL x 0.l908+57252.09 r = 0.90 
m3/d = WOL x 0.000476+85.01 889 r = 0.89 
m3/d = WOL x 0.026464+701 .9079 r = 0.79 
m3/d = WOL x 0.017384+2996.384 r = 0.89 
m3/d = WOL x 0.003562+25.00 1 1 1  r = 0.81  
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Table 2. Frequency of Calibration ofInstruments or Reagents. 
Instrument 
Turbidity 
YSI Conductivity Bridge 
pH Meter 
Alkalinity 
Dissolved Oxyegn 
Teehnicon-NitratelNitrite 
Teelmicon -SRP 
Technicon - TKN 
Chloride 
K, Na, Ca, Mg - Atomic Absorption 
Spectrophotometer 
Standardl RecalibratioD 
Polymer standards - weekly 
KCI standards - weekly 
Buffer standards - weekly 
Na CO l - quarterly 
Biniodate - quarterly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
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Table 3. Summary of internal quality assurance data from the water qualty laboratory at SUNY 
Brockport for 1993 - 1 994. SRP = soluble reactive phosphorus, TP = total phosphorus and TKN 
= total kjeldahl nitrogen. Values are in mg/L unless otherwise noted. 
Count True value Mean Standard Coefficient Confidence Relativ 
Deviation of level erro 
Variation (95%) 
Alkalinity 43 79.79 77.03 3.749 0.047 1 . 1  3.6 
Calcium 40 30.00 30.01 0.474 0.016 0.1  0.0 
Chloride 35 26.49 26. 19 2.232 0.084 0.7 1 .2 
Conductivity 35 717.00 716.25 6.371 0.009 2.1  0.1  
(pmhoslcm) 
Potassium 38 1 .00 0.94 0.069 0.069 0.0 6.0 
Magnesium 35 10.00 10.28 0.285 0.029 0. 1 2.8 
Sodium 44 lO.OO 9.86 0.451 0.045 0. 1 1.4 
Nitrate 36 0.40 0.39 0.020 0.051 0.0 3.7 
Turbidity 40 0.50 0.52 0.044 0.087 0.0 4.2 
pH 32 4.01 3.97 0.028 0.007 0.0 0.9 
Sulfate 42 20.00 19.18 1 .327 0.066 0.4 4.3 
SRP 32 24.80 23.83 1 . 1 20 0.045 0.4 4.1  
(j.tg P/L) 
TP 36 37.20 35.00 3.108 0.084 1 .0 6.3 
(Ilg PIL) 
TKN 40 0.49 0.52 0.086 0.176 0.0 5.6 
(Ilg NIL) 
31 
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I Table 4. Results of the semi-annual ELAP Non-Potable Water Chemistry Proficiency Test, 
I 
January 1994. Score Definition: 4 (Highest) = Satisfactory. 3 = Marginal. 
I Analyte Meanffarget Result Score Residue 
Solids, Total Suspended 58.2 mgIL 59.4 mgIL 4 
I Solids, Total Suspended 30.4 mgIL 3 1 .3 mgIL 4 Hydrogen Ion (pH) 
I Hydrogen Ion (PH) 6.00 5.97 4 Hydrogen Ion (PH) 3.02 3.01 4 
Organic Nutrients 
I Kjeldahl Nitrogen, Total 7.28 mgIL 7.91 mgIL 4 Kjeldahl Nitrogen, Total 4.61 mgIL 5.60 mgIL 3 
I Phosphorus, Total 0.8 mgIL 0.8 mgIL 4 Phosphorus, Total 4.3 mgIL 4.3 mgIL 4 
I 
Total Alkalinity 
Alkalinity 59.3 mgIL CaC03 6 1 . 1  mgIL Caco3 4 
Alkalinity 482.0 mgIL Caco3 486.0 mgIL CaC03 4 
I Inorganic Nutrients Nitrate (as N) 3.45 mgIL as N 3.67 mgIL as N 4 
Nitrate (as N) 6.36 mgIL as N 6.24 mgIL as N 4 
I Orthophosphate (as P) 3.4 mglL as P  3.4 mgIL as P 4 
Orthophosphate (as P) 4.7 mgIL as P 4.7 mgIL as P 4 
I Minerals Chloride 60.0 mgIL 59.3 mgIL 4 
I Chloride 140.0 mgIL 139.0 mgIL 4 Wastewater Metals I and II 
Calcium, Total 29.30 mgIL 30.20 mgIL 4 
I Calcium, Total 69.50 mgIL 70.30 mgIL 4 
Magnesium, Total 4.67 mgIL 4.62 mgIL 4 
I Magnesium, Total 23.40 mgIL 22.00 mgIL 4 
Potassium, Total 9.97 mgIL 1O.70 mgIL 4 
I Potassium, Total 24.90 mgIL 25.00 mgIL 4 
Sodium, Total 50.1 0 mgIL 50.00 mgIL 4 
• Sodium, Total 20.70 mgIL 21 .70 mgIL 4 
• 
• 3 2  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Table 5. Results of the semi-annual interlaboratory testing program (October 1 993) of the U.S. 
Geological Survey performed by SUNY Brockport. The USGS rating is as follows: 0 (poor), 1 
(questionable), 2 (satisfactory), 3 (good), 4 (excellent). The reference samples analysed were 
titled "Nutrients" and "Major Constituents". 
1 ,064 1 ,076 4 
0.05 0.05 4 
8.22 8.29 2 
201 206 3 
160 1 68 0 
9 1.7 98.2 0 
kjetdahl nitrogen 0.37 0.27 4 
0.10 0.1 1  3 
75. 1  78.9 3 
1 1 .24 9.44 0 
16.3 1 7.4 2 
123 1 26 3 
2.5 
3 3  
. - - - - - - - - - � - - - � - - - -
(0) 
� 
Table 6. Summary of physical and chemical parameters for the period 28 March 1993 to 2 April 1994 for Beaver, Bobolink, Clapper, 
Sanford, Williams, Sodus East and Wolcott Creeks. Values represent the mean ± standard error followed by the range. NC = not 
calculated due to influence from Port Bay, 
BoboHnk Clanoer Sanford Williams Sodus East Wolcott 
trernperature ("c) 1.6 ± 1.6 8.1 ± 1.5 8.0± 1.7 8.2 ± 1.6 7.9 ± 1.7 9.1 ± 1.8 
0.0· 20,0 2.0 · 17,0 0.0 · 22.0 0,0· 2\.0 0,0 · 20.0 0.0 · 21.0 
Watershed Area (ba) 278 197 :230 881 3.065 4.416 
IPH 7,98± 0.06 7,51 ± 0.06 7.72 ± 0.30 7.98 ± 0.OS 8.\4 ± 0.05 8,11 ± 0.04 7.1I · 8.59 7.14 · 7.97 7.49 · 8.05 7.62 · 8.86 7.77 · 8.94 7.78· 8.76 
!AJbI_inity 138.12± 6.88 95.41 ± 10.20 109.38 ± 6.19 \81.39 :1: 9.55 186.05 ± 8.13 181.09 ± 6.80 
kmg CICO,/l) 72.57 • 195.00 42.30 · 157.40 56.00· 157.60 93.00 • 256.00 87.80 • 224.00 108.46 • 230.00 
l=lCtivity 332 ", 16 226 " 27 25h 14 588 ± 30 473 : 23 417 ± 21 "em) 167 · 452 88 · 421 121· 368 273 · 856 189 · 592 244 · 607 
!Turbidity 3.86 ± 0.87 3.91 ", 0.67 6.37 : 2.51 6.55 ± 1.03 5,56 ± 1.51 6.64 ± 2.37 
(NTIJ) 0.72· IUO 0.55 - 1 1.10 0.55 - 57.70 \.80 • 21.00 . 1.30· 33.10 0,84 · 59.00 --
I=,"", ·xygen 
9 . .,.0.4 7,5 ± 0.6 8.1 ± 0.7 8.3 ± 0.4 9.2 ,0 0,4 9,) ± O.4 
( ) 6.6 · 12.5 4.8 · 10.9 2,9 ·12.2 5.1 ·11.4 5.2- 12.0 6,0· 12.1 �'f 43.66 ± 2. 1 I  28.2� '" 3.27 35.47 :1.99 59.65 : 2.93 6G.Oh 2.89 61.92± 2.35 26.23 · 59.62 12.81 - 47.56 19.7 5 · 50,71 30.95 · I12.SS 32.13 - 75.98 39,97 · 79.05 
!Magena;um 1 1.62 : 0.66 8.31 : 0,93 9.45 ,, 0.48 14.19 : 0.77 16.78 % 0.80 15.22 '" 0.69 kmiiL) 5.99 · 16.97 3.88 · 14.19 4.97 - 12.74 7.39 · 20.72 7.87 · 21.58 9,07 · 21.00 
I
r':;inm 1.75 " 0.15 1.89 ± 0.15 2.27 ± 0.19 8.07 :0.91 2.47 ",0,16 2. 78 " 0.21 ( ) 0.76 · 3.33 1.11 · 3.19 1.31 - 5.31 2.83 · 17.98 1.64 · 4.17 1.70 -4.82 
Sodium 10,01 ± 0,57 7.51 ± 1.03 6.32 : 0.37 36.84: 3.10 13.66 : 0.84 15.23 ± \.26 
(mgll) 5.19 - 15.14 3.18 · 16.51 3.61 · 9.69 11.60 · 70.47 6.46 · 21.74 6,06 - 27.23 �� 17.80", 0.91 11.39 :< 1.39 lI.SS,. 0.76 54.73 ,. 4.82 24.7\: 1.24 26.41 ± 2.54 m ) 7.70· 25.86 5.3 - 26.76 6.90 · 19.53 1.40 - 110.60 12.93 • 35.26 6.90 · 57.19 �=) 20.1 ± 1.7 20.1 : 3,9 25.5 ± 4.8 3\.6 ± 2.1 33.3 ± 1.9 31.2 ± 2.4 10.2 · 37.7 6.2 · 63.2 0.5 · 1IQ.4 15.8 - 55.0 16.5 · 55.7 14.4 · 56.1 
h'otal pbosphorus 37.2 ± 6,3 76.4 ± 14.3 5'.2 ± 7.5 722.3 ± 1S9.0 80.0 ± 20.4 162.0 " 40.4 
k .. PIL) 14.9 · 151.2 31.6· 254.8 12.6 · 155.7 102.1 - 3693.8 2\.7 - 403.2 45.0 · 1000.9 !:ub1e reactive pbosphorus 9.8: 1.2 16.6 ± 1.9 18.7 ± 2.3 445.9 ± 76.0 23.0 ± 2.7 61.8 ± 5.4 
PIL) 2.3 • 21.4 3.6 · 31.8 5.9 - 45,8 85.1 · 1291.1 6,4 · 51.1 24.9 · 122_9 
Nitrate + nitrite 0,65 ± 0.05 0.33 ± 0.10 0,lh O.05 2.68 ,, 0.30 0.97 ;' 0.06 1.26: 0.17 
i(mgNIL) 0.20- 1.10 0.00 . 1 .25 0.00· 0.66 0.99 · 8.35 0.43 · 1.50 0.17 · 2.68 
irolAl kjeldabl nitrogen 565 ",67 797 : 90 599 " , 1  1041 0 81 646 ± 113 832 ", 60 
( .. NIL) 200 · \sSO 410 · 1690 160· 1415 438 · 2120 60· 2455 440 · 1560 
T::;i suspended •• lids 11.3;, 3.2 19.8 ± 8,7 9.7 ± 4.3 18.3 ± 4.2 16." " '.7 19.3 ± 8.1 m ) 0.2 · 60.4 1.1 · 1 1 1.7 t.1 · n2 2.0- 74.6 3,4. 168.3 2.2 - 192_0 
Discllatge 157 4.714 5.632 565 129.539 151.668 
mllD} __ 
-_.- - -- --_. 
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Table 7. Average daily loadings of selected parameters from Bobolink, Clapper, Sanford, 
Williams, Wolcott and Sodus East Creeks for 1993 - 1994. Annual loadings may be derived by 
multiplying by 365. TP = total phosphorus, TKN = total kjeldahl nitrogen, NO, = nitrsre, Na = 
sodium, TSS = total suspended solids. 
DAILY LOADING TP TKN NO, Na TSS 
kg P/d kg N/d kg N/d kg Naid kg/d 
BOBOLINK 0.01 0.08 0.1 1  2 2 
CLAPPER 0.35 3.98 1 . 1 3  30 66 
SANFORD 0.26 2.65 1 .42 33 44 
WILLIAMS 0.21 0.54 1 .25 1 6  1 3  
WOLCOTT 15.85 106.80 262.37 1,784 2,712  
SODUS EAST 16.27 168.55 244.47 3,154 7,337 
AREAL LOADING TP TKN NO, Na TSS 
g Plhald g Nlhald g Nlhaid g Nalhald glhald 
BOBOLINK 0.02 0.30 . 0.38 5.8 6.8 
CLAPPER 1.76 20.21 5.74 150.0 337.3 
SANFORD 1 . 14  1 1 .5 1 6.18 143.5 193.0 
WILLIAMS 0.24 0.6\ 1 .42 18 . 1  14.3 
. WOLCOTT 3.59 24. 18 59.41 404.0 614.0 
SODUS EAST 5.31 54.99 79.76 1 ,029. 1 2,393.9 
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Table 8. Comparison of phosphorus loading in subbasins of the Irondequoit Bay watershed, other Monroe 
County creeks and of tributaries of Sodus and Port Bays. Irondequoit basin data are from 1980-81 
(O'Brien and Gere 1983). Data from other Monroe County creeks are from 1987-88 (Makarewicz 1988). 
Wayne County creek data from 1990-91 .  1 99 1 -92 and 1 992-93 are from Makarewicz et al. 1 99 1 , 1992 
and 1 993 respectively. 
Subbasin or Creek Total Phosphorus Total Phosphorus 
Loading Loading 
(kg P/d) (g Plbald) 
lroruIequoit Watershed 
Irondequoit Creek at 
Brown<:rOft Blvd. 220 5.6 
1978-79 (post-diversion) 78 2 
Irondequoit creek at 
Blossom Road (remedial 
1979 85 2.30 
1982 34 0.92 
1985 28 0,76 
Monroe County Creeks 
Larkin 2.20 0,70 
Buttonwood 3.60 1.58 
Lower Northrup 12.40 6.64 
Upper Northrup 3,40 3.23 
-t4-� D' 
Wayne County Creeks 1990--9 1  1991·92 1992·93 1993-94 1990--91 1991-92 . 1992-93 1993-94 
First 0,\3 0.09 0.17 0.1 1  
Second 0.49 0.38 0.19 0.15 
Third 0.60 0.47 , 0.50 0,39 
Clark 0.04 0.03 0.Q3 0.22 
Sodus West 0.49 0,35 0,60 0.43 
Sodus East 21.47 26.27 34.58 16,21 7,01 8,57 1 1 .28 5.31 
-r.\ ,J  7-'1\ 
Port Bay Watershed 1990-91 1991-92 1992-93 1993·94 1990--91 1991-92 1992-93 1993-94 
Wolcott 17.24 1 2.73 22.13 15.85 3.90 2,88 5.01 3.59 
Bobolink 0.01 0.01 0.02 0.02 
Clapper 0.39 0.35 1.97 1.76 
Sanford 0.25 0.26 1 . 1 1  1.14 
Wtlliams 0.24 0,21 0.27 0.24 
36 
l 
l 
( 
, 
r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
LAKE ONTARIO 
C l ark 
C reek 
* 
Figure 1. Sodus Bay and its tributaries showing Bay sampling stations and tributary sampling 
sites, Wayne County, N.Y. 
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Figure 2. Port Bay and its tributaries showing Bay sampling stations and tributary sampling 
sites, Wayne County, N.Y. 
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Figure 3. Sites sampled during the 1993 - 94 Stressed Stream Analysis on Wolcott Creek. 
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Figure 4. Sites sampled dUring the 1993 - 94 Stressed Stream Analysis on Glenmarlc Creek. 
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Figure 5. Seasonal discharge of creeks entering Port and Sodus Bays. 
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Figure 6. Depth proftles of various chemical and pbysical parameters at Station 5, 18 August 
I 1993, Sodus Bay . 
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Figure 7. Depth profiles of various chemical and physical parameters at Station 5, 8 August 
1994, Sodus Bay. 
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' t  Figure 10. Seasonal loading of sodium from creeks into Port and Sodus Bays. 
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I Figure 1 1. Seasonal loading of total suspended solids from creeks into Port and Sodus Bays. 
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Figure 12. Comparative areal and total loadings from streams into Port Bay - total phosphorus. 
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Figure 13. Comparative areal and total loadings from streams into Port Bay - total ijeldahl 
nitrogen. 
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Figure 14. Comparative areal and total lOadings from streams into Port Bay - nitrate. 
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I I Figure 15. Seasonal lOading of total phosphorus ftom creeks into Port and Sodus Bays. 
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Figure 16. Seasonal loading of nitrate from creeks into Port and Sodus Bays. 
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I Figure 17. Seasonal loading of total kjeldahl nitrogen from creeks into Port and Sodus Bay. 
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Figure 1 9 . Results of Stressed Stream Analysis on Wolcott Creek for the June I August 1993 
period. Results presented are for nitrate iD. mg NIL. This sample period includes the 
sample dates of 1 .  8. 15. 22 and 29 June and 3, 10, 17. 24 and 3 1  August 1993. 
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Figure 20. Results of Stressed Stream Analysis on Wolcott Creek: for the June I August 1993 
period. Results presented are for total suspended solids in mgIL. This sample period 
includes the sample dates of I, 8, 15, 22 and 29 June and 3, 10, 17, 24 and 3 1  August 1993. 
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Figure 21 . Results of Stressed Stream Analysis on Wolcott Creek for the June I August 1993 
period. Results presented are for total kjeldahl nitrogen in mg NIL. This sample period 
includes the sample dates of 1 ,  8, 15, 22 and 29 June and 3, lO, 17, 24 and 3 1  August 1993. 
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Figure 22 . Results of Stressed Stream Analysis on Wolcott Creek for the Iune I August 1993 
period. Results presented are for sodium in mgIL. This sample period includes the sample 
dates of I, 8, 15, 22 and 29 June and 3, 10, 17, 24 and 31 August 1993. 
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Figure 23 . Results of Stressed Stream Analysis on Wolcott Creek for the June I August 1993 
period. Results presented are for total phosphorus in flg PIL. This sample period includes 
the sample dates of I ,  8, 15, 22 and 29 June and 3, 10, "17, 24 and 3 1  August 1993. 
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Figure 24 . Results of Stressed Stream Analysis on Wolcott Creek for the June I August 1993 
period. Results presented are for soluble reactive phosphorus in Ilg PIL. This sample 
period includes the sample dates of 1 ,  8, 15, 22 and 29 June and 3, 10, 17, 24 and 3 1  
August 1993. 
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Figure 25 . Results of Stressed Stream Analysis on Wolcott Creek for the October I November 
1993 period. Results presented are for S9Iuble reactive phosphorus in I1g PIL. This sample 
period inCludes the sample dates of 25 October, and 2, 9, 16, 23' and 30 November 1 993. 
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Figure 26 . Results of Stressed Stream Analysis on Wolcott Creek for the October I November 
1993 period. Results presented are for total phosphorus in � PIL. This sample period 
includes the sample dates of 25 October, and 2, 9, 16, 23 and 30 November 1993. 
6 2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 
t North 
WOLCOIT CREEK 
Total Suspended Solids (mgIL) 
Figure 27 . Results of Stressed Stream Analysis on Wolcott Creek for the October I November 
1993 period. Results presented are for total suspended solids in mg fL. This sample 
period includes the sample dates of 25 October, and 2, 9, 16, 23 and 30 November 1993. 
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Figure 28 . Results of Stressed Stream Analysis on Wolcott Creek for the October / November 
1993 period. Results presented are for total kjeldahl nitrogen in J,Ig NIL. This sample 
period includes the sample dates of 25 October, and 2, 9, 16. 23 and 30 November 1993 . 
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Figure 29 . Results of Stressed Stream Analysis on Wolcott Creek for the October I November 
1993 period. Results presented are for sodium in mg IL. This sample period includes the 
sample dates of 25 October. and 2. 9. 16. 23 and 30 November 1993. 
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Figure 30 . Results of Stressed Stream Analysis on Wolcott Creek for the October I November 
1993 period. Results presented are for nitrate in mg NIL. This sample period includes the 
sample dates of 25 October, and 2, 9, 16, 23 and 30 November 1993. 
66 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, 
, 
MAWI 
9.11 
\
 
:MAWl 
8.50 
t North 
WOLCOTT CREEK 
Sodium (mgIL) 
Figure 31 • Results of Stressed Stream Analysis on Wolcott Creek for the March I April 1994 
period. Results presented are for sodium in mgIL. This sample period includes the sample 
dates of 14, 21  and 28 March, and 4 and 1 1  April 1994. 
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Figure 32 . Results of Stressed Stream Analysis on Wolcott Creek for the March I April 1994 
period. Results presented are for total suspended solids in mgfL. This sample period 
includes the sample dates of 14, 21 and 28 March, and 4 and 1 1  April 1994. 
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Figure 33 . Results of Stressed S1ream Analysis on Wolcott Creek for the March I April 1994 
period. Results presented are for soluble reactive phosphorus in Ilg PIL. This sample 
period includes the sample dates of 14, 21 and 28 March, and 4 and I I  April 1994. 
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Figure 34 . Results of Stressed Stream Analysis on Wolcott Creek for the March I April 1994 
period. Results presented are for nitrate in mg NIL. This sample period includes the 
sample dates of 14, 21 and 28 March, and 4 and 1 1  April 1994. 
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Figure 35 . Results of Stressed Stream Analysis on Wolcott Creek for the March I April 1994 
period. Results presented are for total phosphorus in J.Ig PIL. This sample period includes 
the sample dates of 14, 21 and 28 March. and 4 and I I  April 1994. 
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Figure 36 . Results of Stressed Stream Analysis on Wolcott Creek for the March I April 1994 
period. Results presented are for total kjeldahl nitrogen in Jig NIL. This sample period 
includes the sample dates of 14, 21 and 28 March, and 4 and 1 1  April 1994. 
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Figure 37 . Results of Stressed Stream Analysis on Glenmark Creek for the May I July 1993 
period. Results presented are for nitrate in mg NIL. This sample period includes the 
sample dates of 4, 5, 10, 18  and 25 May and 6, 12, 19 and 26 July 1993. 
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Figure 38 . Results of Stressed Stream Analysis on Glenmark Creek for the May I July 1993 
period. Results presented are for total phosphorus in Ilg PIL. This sample period includes 
the sample dates of 4, 5, 10, 18 and 25 May and 6, 12, 1 9  and 26 July 1993. 
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Figure 3 g .  Results of Stressed Stream Analysis on Glenmark Creek for the May I July 1993 
period. Results presented are for soluble reactive phosphorus in Ilg PJL. This sample 
period includes the sample dates of 4, 5, 10, 18 and 25 May and 6, 12, 19 and 26 July 
1993. 
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Figure 40 . Results of Stressed Stream Analysis on Glenrnark Creek for the May I July 1993 
period. Results presented are for total suspended solids in mgIL. This sample period 
includes the sample dates of 4, 5, 10, 18 and 25 May and 6, 12, 19 and 26 July 1993. 
7 6  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Total Kjel dahl Ni trogen (mg/L)  
JUGIO 
.54 
JUGS 
� .96 
MG4 
.71 
Sodus Bay and Lake Ontario 
Figure 4 1 .  Results of Stressed Stream Analysis on Glenmark Creek for the May I July 1993 
period. Results presented are for total kjeJdahl nitrogen in j.lg NIL. This sample period 
includes the sample dates of 4, 5, 10, 1 8  and 25 May and 6, 12, 19  and 26 July 1993. 
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Figure 42 . Results of Stressed Stream Analysis on Glenmark Creek for the May I July 1993 
period. Results presented are for sodium in mgIL. This sample period includes the sample' 
dates of 4, 5, lO, 18 and 25 May and 6, 12, 19 and 26 July 1993. 
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Figure 43 . Results of Stressed Stream Analysis on Glenmark Creek for the September I 
October 1993 period. Results presented are for total kjeldahl nitrogen in Ilg NIL. This 
sample period includes the sample dates of 3, 7, 14, 21 and 28 September and 5 and I I  
October 1993. 
7 9  
I 
• 
I 
• 
• 
I 
• 
• 
I 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Tota l  S u s pended Sol i ds (rng / L
)  
Stream fl ow 
va l l eY�D�r�i!Ve�=-------LJL-____________ __ 
GSB 
G5e 
G5 (44) 
G5A ( 5 . S )  
( 2 9 )  
", -
( I 1 . 2 )  
« 
Catta i l s 
� 
., 
.... - "" 
Pool Dra i n  
. Sump Pump (Two Horses) 
Storm Dra i n  ( 1 9 . 6 )  
South Sewer 
North Sewer 
Unknown Dra in  
Unknown D ra i n  
Unknown Dra i n  
Headwaters 
Figure 4 4 .  Results of Stressed Stream Analysis on Glenmark Creek for the September I 
October 1993 period. Results presented are for total suspended solids in mgIL. This 
sample period includes the sample dates of3, 7, 14, 2 1  and 28 September and 5 and I t  
October 1993. 
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Figure 4 5 . Results of Stressed Stream Analysis on Glenmark Creek for the September f 
October 1993 period. Results presented are for total phosphorus in Ilg PfL. This sample 
period includes the sample dates of 3, 7, 14, 21 and 28 September and 5 and 1 1  October 
1993. 
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Figure 4 6 , Results of Stressed Stream Analysis on Glenmark Creek for the September I 
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Figure 48 . Results of Stressed Stream Analysis on Glenmark Creek for the September f 
October 1993 period. Results presented are for nitrate in mg NfL. This sample period 
includes the sample dates of 3, 7, 14, 21 and 28 September and 5 and I I  October 1993. 
8 4  
I 
I 
I 
I 
• • • 
I 
I 
I I 
• 
• 
I 
• 
I 
I 
I 
I 
I 
I 
I 
I 
• 
• 
• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
GLENMARK 
Total Phosphorus (JlgIL) 
DGlO 
40,5 
• 
• 
, 
, 
. 
• GlOA 
69.6 
• ooSB 
77.7 
.: 
DGSA 
47,6 
ooS 
60.3 
Figure 49.  Results of Stressed Stream Analysis on Glenmarlc Creek for the December 1993 
period. Results presented are for total phosphorus in Jig PIL. This sample period includes 
the sample dates of 7, 14 and 21 December 1993. 
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Figure 50. Results of Stressed Stream Analysis on Glenmark Creek for the December 1993 
period. Results presented are for soluble reactive phosphorus in p.g PIL. This sample 
period includes the sample dates of 7, 14 and 21 December 1993. 
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Figure 5 1 . Results of Stressed Stream Analysis on Glenmark: Creek for the December 1993 
period. Results presented are for nittate in mg NIL. This sample period includes the 
sample dates of 7, 14 and 21 December 1993. 
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Figure52 . Results of Stressed Stream Analysis on Glenmark Creek for the December 1993 
period. Results presented are for sodium in mgIL. This sample period includes the sample 
dates of7, 14 and 21  December 1993. 
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Figure 53 . Results of Stressed Stream Analysis on Glenmark Creek for the December 1993 period. Results presented are for total Igeldahl nitrogen in Ilg NIL. This sample period includes the sample dates of 7, 14 and 21  December 1993. 
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Figure 5 4 .  Results of Stressed Stream Analysis on Olenmark Creek for the December 1993 
period. Results presented are for total suspended solids in mgIL. This sample period 
includes the sample dates of?, 14 and 21 December 1993. 
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Figure 55 . Results of Stressed Stream Analysis on Glemnark Creek for the March I April 1994 
period. Results presented are for sodium in mgIL. This sample period includes the sample 
dates of 14, 21 and 28 March and 4 and I I  April 1994. 
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Figure 5 6 .  Results of Stressed Stream Analysis on Glenmarlc Creek: for the March I April 1994 
period. Results presented are for total suspended solids in mgIL. This sample period 
includes the sample dates of 14, 21 and 28 March and 4 and 1 1  April 1994. 
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Figure 57 . Results of Stressed Stream Analysis on Glenmark Creek for the March I April 1994 
period. Results presented are for total phosphorus in Ilg PfL. This sample period includes 
the sample dates of 14, 2 1  and 28 March and 4 and 1 1  April 1994. 
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Figure 58. Results of Stressed Stream Analysis on Glenmark Creek for the March I April 1994 
period. Results presented are for totid kjeldahl nitrogen in Ilg NIL. This sample period 
includes the sample dates of 14, 21 and 28 March and 4 and I I  April 1994. 
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Figure 5 9 .  Results of Stressed Stream Analysis on Glenmark Creek for the March I April 1994 
period. Results presenled are for solubie reactive phosphorus in I1g PIL. This sample 
period includes the sample dates of 14. 21  and 28 March and 4 and 1 1  April 1994. 
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Figure 6 0 . Results of Stressed Stream Analysis on Glenmark Creek for the March I April 1994 
period. Results presented are for nitrate in mg NIL This sample period includes the 
sample dates of 14. 21  and 28 March and 4 and 1 1  Aprll l994. 
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